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Abstract 
We propose the interesting results of light pulse propagation within a double PANDA ring resonator system. We 
use the technique of Finite Difference Time Domain (FDTD) which is implemented by the scientific programming 
method known as OPTI-WAVE PROGRAMMING to simulate and analyze the dynamic wave forms of propagating 
light pulse within the desired system. By using the input Gaussian pulse with center wavelength at 1,300 nm and the 
other practical parameters into the system, results obtained have shown that the multi wavelength light sources can 
be generated and achieved, and the dynamic behaviors of pulses propagation within the system can be seen.   
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The use of Gaussian pulse has reported the interesting results of light pulse propagating within a nonlinear 
media [1, 2]. In the latter work, they have shown that the transfer function of the output at resonant condition is 
derived and studied. They found that the broad spectrum of light pulse can be transformed to the discrete pulses. In 
this work we are looking for a common laser source that can be used to extend the used/installed wavelength band 
in the public network, especially, when with the broad center wavelengths can be generated and enhanced. 
Therefore, the use of a Gaussian pulse to form a broad wavelength bands within a microring resonator system is 
recommended, whereas the other problems are such as output power and signal collision that can be solved [3, 4, 5]. 
One of the obtained results has shown that by using the center wavelength at 1,300 nm with suitable parameters, the 
broad Gaussian pulses generation is plausible. Moreover, most of the results have shown that the optical signals, i.e. 
Gaussian pulse can be amplified and enhanced within the nonlinear ring resonator system, which is known as a 
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double PANDA ring resonator system. The dynamic propagation of pulses within the desired system is also shown 
and discussed in details. 
Light from a monochromatic light source is launched into a ring resonator with constant light field amplitude 
(E0) and random phase modulation as shown in Fig. 1, which is the combination of terms in attenuation (D) and 
phase (ĳ0) constants, which results in temporal coherence degradation. Hence, the time dependent input light field 
(Ein), without pumping term, can be expressed as [6] 
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where L is a propagation distance(waveguide length). 
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Fig. 1. A schematic of ring resonator system, where (a) Semi-PANDA ring resonator, (b) PANDA ring resonators. 
 
When light propagates within the nonlinear material (medium), the refractive index (n) of light within the 
medium is given by 
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where n0 and n2 are the linear and nonlinear refractive indexes, respectively. I and P are the optical intensity and 
optical power, respectively. The effective mode core area of the device is given by Aeff. The resonant output is 
formed, thus, the normalized output of the light field is the ratio between the output and input fields [Eout(t) and 
Ein(t)] in each roundtrip, which is given by[ 7] 
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The close form of Eq. (3) indicates that a ring resonator in this particular case is very similar to a Fabry–Perot 
cavity, which has an input and output mirror with a field reflectivity, (1íN), and a fully reflecting mirror. N is the 
coupling coefficient, and x=exp(íDL/2) represents a roundtrip loss coefficient, I0=kLn0 and INL=kLn2|Ein|2 are the 
linear and nonlinear phase shifts, k=2S/O is the wave propagation number in a vacuum, where L and D are 
waveguide length and linear absorption coefficient, respectively.  
To retrieve the signals from the chaotic noise, we propose to use the add/drop device with the appropriate 
parameters. This is given in the following details. The optical circuits of ring-resonator add/drop filters for the 
through and drop port can be given by Eqs. (4) and (5), respectively[2] 
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where Et1 and Et2 represent the optical fields of the through and drop ports, respectively. E = kneff is the propagation 
constant, neff is the effective refractive index of the waveguide, and the circumference of the ring is L=2SR, with R 
as the radius of the ring. In the following, new parameters will be used for simplification with I = EL as the phase 
constant. The chaotic noise cancellation can be managed by using the specific parameters of the add/drop device, 
and the required signals can be retrieved by the specific users. N1 and N2 are the coupling coefficient of the add/drop 
filters, kn=2S/O is the wave propagation number for in a vacuum, and where the waveguide (ring resonator) loss is D 
= 0.5 dBmmí1. The fractional coupler intensity loss is J = 0.1. In the case of the add/drop device, the nonlinear 
refractive index is neglected. 
The output field ( 1Et ) at through port of the system in Fig. 1 is expressed by 
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When 
1 2(1 )(1 )  J  JA ,  
            1 2 1 2 0(1 )(1 ) (1 )  J  J N  N LB E , 
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            2
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The power output ( 1tP ) at through port is 
2
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The output field ( 2tE ) at drop port is 
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When 
2 2(1 )(1 )  J  Na , 
           
1 1 2 2 0(1 ) (1 ) N  J N  Jb E , and 
           
2 1 1 2 2 0 0(1 ) (1 )(1 ) (1 )  J  J  N N  N Lc E E . 
 
The power output ( 2tP ) at drop port is 
2
2 2 . t tP E              (9) 
2. Dynamic Pulses Propagation 
A schematic diagram of the PANDA ring resonator system for dynamic pulse observation is designed and 
shown in Fig. 2. In operation, to form the amplification part, a nanoring resonator is embedded within the add/drop 
optical filter in the system. The modulated Gaussian continuous wave (CW) with center wavelength (O0) at 1.30 Pm, 
peak power at 500 mW is input into the system. The combination between the input and reflected light output can be 
seen as shown in Fig. 3(a). The suitable ring parameters are used, for instance, ring radii R1=R2=R3= 0.775 ȝm, and 
the add/drop, Rad = 3.1 ȝm. In order to make the system associate with the practical device [8, 9], the selected 
parameters of the system are fixed to n0 = 3.34 (InGaAsP/InP), Aeff = 0.1 Pm2 for a microring (add/drop filter) and 
the nanoring, respectively, D = 0.5 dBmm-1, J = 0.1. In this investigation, the coupling coefficient (kappa, N) of the 
microring resonator is 0.8. The nonlinear refractive index of the microring used is n2=2.2 x 10-17 m2/W. In this case, 
the attenuation of light propagates within the system (i.e. wave guided) used is 0.5dBmm-1. The wafer (device) 
length (z) is 20 Pm, width = 5 m.  
The dynamic locations can be configured as followings; Ead: pulse propagation in the add/drop device and Er: 
pulse propagation in the nanoring resonator, which has been located in Fig. 2. The through and drop ports are also 
identified by the add/drop filter structure. In practice, the required output signals are obtained and seen at the drop 
and through ports. In Figs. 3-7 show the results in the different locations in the double PANDA ring resonator 
system. The maximum power of 100 mW is obtained as shown in Fig. 4(b) that is in the nanoring (Er1), while the 
maximum number of peaks of 18 is seen in Fig. 7(b). The three dimension (3-D) image of the dynamic modulated 
Gaussian CW is as shown in Fig. 8, whereas the maximum power within the nanoring of 100 mW is obtained. 
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Fig. 2. A schematic of a double PANDA ring resonators with the dynamic locations. 
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Fig. 3. Results of the output light intensity and wavelength at the certain location at (a) an input pulse, (b) Ead22 and 
(c) Ead12. 
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Fig. 4. Results of the output light intensity and wavelength at the certain location at (a) Er 11 and (b) Er 31. 
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Fig.  5. Results of the output light intensity and wavelength at the certain location at (a) Ead14, (b) Ead24 and (c) 
Add port.  
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Fig. 6. Results of the output light intensity and wavelength at the certain location at (a) Through 1 and (b) Through 
2. 
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Fig. 7. Results of the output light intensity and wavelength at the certain location at (a) Drop 1 and (b) Drop 2. 
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Fig. 8. The 3-D dynamic graphic results obtained using the OPTI-WAVE PROGRAMMING 
 
3. Conclusion 
We have shown the dynamic behaviors of pulses propagation within the double PANDA ring resonators that 
can be performed by using two nanoring resonators incorporating into the add/drop multiplexer. By using the OPTI-
WAVE PROGRAMMING and the reasonable input parameters, the dynamic behaviors can be controlled and the 
required output pulses obtained. In this case, the dynamic behavior can be controlled and used for the desired 
applications. The maximum number of peaks (counts) of 20 is obtained, which is available for multi light source or 
wavelength enhancement application, moreover, the output amplification is also obtained, where the maximum 
power of 100 mW is obtained.  
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